ABSTRACT. Two stranded whales were found dead on the coast of Jeju, South Korea. Based on the outer appearance and autopsy findings, one was determined to be an adult and the other a calf. The carcasses were dissected for species identification and pathological examination. A genetic analysis was performed, and the morphological characteristics of the skull observed. Then, 448 bp of the 5′ half of the mitochondrial (mt) DNA control region and 413 bp of the mtDNA cytochrome b gene were sequenced. A BLAST search revealed that the whales were ginkgotoothed beaked whales (Mesoplodon ginkgodens). Morphological comparison of the adult skull with the holotype specimen confirmed the result. This is the first record of a stranded ginkgotoothed beaked whale in Korea.
The taxonomic status of beaked whales of the family Ziphiidae has been previously established; however, their habitat has not yet been precisely elucidated [3, 15, 24] . The existence of beaked whales near Korean territory is particularly uncertain, due to the lack of records in Korea [11] . According to reports from Korea from 1970 to 2009, the Ziphiidae species Baird's beaked whales (Berardius bairdii), Blainville's beaked whales (Mesoplodon densirostris), Stejneger's beaked whale (M. stejnegeri), and Cuvier's beaked whales (Ziphius cavirostris) were observed to have been stranded in Korea [19] . No beaked whale species were observed during the cetacean sighting surveys conducted within the Korean exclusive economic zone, which were undertaken 53 times between 2000 and 2010 [22] . There have been no cases of stranded, bycaught, or observed ginkgo-toothed beaked whales (M. ginkgodens) in Korea [10, 11, 19, 22] . Ziphiidae is the most cryptic whale family, and these whales are difficult to observe due to their long diving capacity and because their habitats remain poorly understood [3, 17] .
Two stranded dead whales were found together on the coast (33°31′22.7″N, 126°56′58.80″E) of Jeju Island, South Korea on May 5, 2013. The bigger whale died 14 hr after being found alive. This indicated that the body had not drifted from the remote sea toward the Korean shore as a carcass. To enable individual identification, the whales were given the specimen numbers KJ1181 for the bigger whale and KJ1182 for the smaller whale. The carcasses were dissected and examined to obtain basic biological information on the distribution of Mesoplodon in Korea. The bodies were genetically and morphologically analyzed to identify their species.
For genetic identification, genomic DNA was extracted from the muscles of the whales using a G-spin TM Total DNA Extraction Kit (iNtRON Biotechnology, Sungnam, Korea). The mitochondrial (mt) DNA markers, control region (CR), and cytochrome (cyt) b sequences that are commonly used to identify cetaceans were used. Two types of specific primers, M13-Dlp1.5-L (5′-TGTAAAACGACGGCCAGTTCACCCAAAGCTGRARTTCTA-3′) and Dlp5-H (5′-CCATCGWGATGTCTTATTTAAGRGGAA-3′), were used for amplification of the 448 base pairs (bp) mtDNA CR [6] . Two other specific primers, GLUDG-L (5′-TGACTTGAARAACCAYCGTTG-3′) and CB2-H (5′-CCCTCAGAATGATATTTGTCCTCA-3′), were used for amplification of the 413 bp mtDNA cyt b gene [18] . The doi: 10.1292/jvms.19-0001 polymerase chain reaction (PCR) was performed using an ABI 2720 Thermal Cycler. The amplified products were identified with ultraviolet (UV) ray (260 nm) after electrophoresis (2% agarose gel, 30 min) and dyed with EtBr. Two types of primers, Dlp4-H (5′-GCGGGWTRYTGRTTTCACG-3′) [4] and Dlp10-L (5′-CCACAGTACTATGTCCGTATT-3′), were made for base sequence analysis of the mtDNA CR [1] . Three types of primers, CB1-L (5′-CCATCCAACATCTCAGCATGATGAAA-3′) [18] , CYBMF-L (5′-GAACTATAAGAACACTAATGACCAA-3′), and CYBMR-H (5′-TGATTCAGCCATAGTTAACGTCTCGAC-3′), were also made for base sequence analysis of the mtDNA cyt b gene [5] . Nucleotide sequence analysis was then performed. PCR products for nucleotide sequence analysis were dried after removal of remaining BigDye using a QIAGEN DyeEx 2.0 spin kit (Qiagen, Redwood City, CA, U.S.A.), and 20 µl of HiDi Foramide was added and the reaction proceeded at 95°C for 2 min. After these processes were complete, the base sequences were assayed using an ABI PRISM 310 Genetic Analyzer. The nucleotide sequences were combined using CLC Main Workbench 5.0 (CLC Bio), and were then compared and analyzed using NCBI Nucleotide BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) [2] . We obtained partial sequences (448 bp) of mtDNA CR and partial sequences (413 bp) of mtDNA cyt b gene from the two specimens. There was no variable site between the two sequences in both CR and cyt b. From the BLAST search, the two sequences were related to M. ginkgodens with 99% match to accession no. KR534596 in both CR and cyt b. These mtDNA CR and cyt b haplotypes was new in the INSD (the International Nucleotide Sequence Databases). Two novel sequences, MgCR1 and MgCytb1, were deposited in INSD with accession nos. MH019963 and MH019964, respectively. Between the two haplotypes, MgCR1 and KR534596 had four variable sites in 448 bp and MgCytb1 and KR534596 had five variable sites in 413 bp, and these were all transitions. For the molecular phylogenetic analysis, one to four sequences of five Mesoplodon species (M. ginkgodens, M. hotaula, M. stejnegeri, M. carlhubbsi, and M. densirostris, with Ziphius cavirostris as an outgroup; see Appendix for accession nos. for each species sequences) were used to test the position of MgCR1 and MgCytb1 in the trees. Alignment of the CR and cyt b sequences was performed using the CLUSTAL X program [23] , with visual inspection of the output based on the multiple alignment parameters in the program. A molecular phylogenetic tree was constructed using the Neighbor Joining algorithm [20] in MEGA version 7 [13] , based on the Kimura 2-parameter model [12] for the CR (consensus length 434 bp) and cyt b (consensus length 384 bp) separately. Bootstrap values for both data sets were computed using 1,000 replicates [9] . All the Mesoplodon species included in the study were monophyletic in both trees (Fig. 1a and 1b) . M. ginkgodens formed a sister clade to M. hotaula in both trees, with >60% statistical bootstrap support (Fig. 1a and 1b) . MgCR1 and MgCytb1 clustered with other M. ginkgodens reference sequences in both trees (Fig. 1a and 1b) . Thus, the stranded two whales were strongly identified as M. ginkgodens based on molecular genetic analyses.
The total body length of the adult specimen was 456.5 cm (Fig. 2) . Numerous scars were observed on the body surface, particularly round scars that were likely caused by cookie-cutter shark attacks. The total body length of the female calf was 199.0 cm (Fig. 2) . Both whales were suspected to be of the genus Mesoplodon (family Ziphiidae) because of their outer appearance. Their appearance included a pronounced rostrum that blends into a high forehead without a break, a v-shaped throat groove, a crescent-shaped blowhole, flippers that are relatively small in comparison to entire body size, a small triangular dorsal fin that is placed far back on the body, and the absence of notch at the middle of caudal fin.
The whales were identified as being a sexually and physically matured female adult and a female calf based on observation of their external genital organs, mammary slits, and the absence of tusks. Beaked whales have reduced teeth: males have one pair of teeth and females have only one pair of vestigial teeth [15] . These individuals are thought to be a dam and her calf, based on evidence including the stranding situation, their body sizes, the highly developed mammary glands of the adult whale ( Fig. 3a and 3b ) that had plenty of milk in the right gland (Fig. 3c) , the stomach contents of the smaller whale, which consisted only of milk (Fig. 3d) , and the results of the genetic analysis did not contradict this hypothesis because the maternal mtDNA haplotype was identical for both individuals. The adult skull specimen was prepared and subsequently compared with the holotype specimen of M. ginkgodens stored in the National Museum of Nature and Science, Japan (NSMT-M8744, Male). There are several variations in skull structure among species of the genus Mesoplodon [16] . Among those variations, five distinguishing characteristics of the skull of the holotype specimen of M. ginkgodens were compared with the skull of KJ1181. Firstly, the angle between the frontopremaxillary suture and the frontonasal suture was compared. In the dorsal view of the vertex of the skull where the right frontal bone meets the right nasal bone, the suture between the frontal bone and premaxillary bone formed a sharp angle with the frontonasal suture in the holotype of M. ginkgodens (Fig. 4a) . In the same manner, the two sutures also made an acute angle in the skull of KJ1181 (Fig. 4b) . Secondly, in the dorsal view of the vertex of the skull, the right nasal bone and the right premaxilla ended similarly in the holotype of M. ginkgodens (Fig. 4a) . This was also observed in the skull of KJ1181 (Fig. 4b) . Thirdly, the right antorbital notch made an acute angle of less than 90 degrees in the holotype of M. ginkgodens (Fig. 4c) . Similarly, the angle of the right antorbital notch was sharp in KJ1181 (Fig. 4d) . The features of a specimen of M. stejnegeri stored in the American Museum of Natural History (AMNH No. 143829) [16] were also used to compare the structural differences between M. ginkgodens and M. stejnegeri skulls. In the holotype of M. ginkgodens, the proximal butt-end of the two premaxillae were ascended and truncated dorsally. These dorsally projected ends were relatively flat surfaces on a plane in the lateral view that was approximately parallel to the long axis of the beak (Fig. 5a ). This was also observed in the skull of KJ1181 (Fig. 5b) . In some species of Mesoplodon, such as M. stejnegeri, there is a crest formed due to the change direction of the butt-end of the premaxillary [16] . This crest, called a premaxillary brow crease, was not present in either the holotype of M. ginkgodens or KJ1181 ( Fig. 5a and 5b ). The absence of the premaxillary brow crease was also observed in the front view of the skull of M. ginkgodens and KJ1181 ( Fig. 5c and 5d ). In addition to the genetic analysis, these morphological findings confirmed that the adult specimen belonged to M. ginkgodens. These two bodies were first identified as beaked whales based on their outer appearance and previous references, and the identification was then confirmed by morphological comparison of the adult skull specimen and by genetic analysis. Mesoplodon species are identified based on features of the skull, such length of the rostrum, as well as the placement, shape, and size of the teeth, particularly in adult males. However, specimens have often been misidentified due to anatomical similarities between species, and molecular genetic analyses have become increasingly important for the identification of individual specimens [15] . Nowadays, identification by genetic testing is considered to be the most reliable method.
Based on the results of genetic and anatomical analyses, the stranded whales were identified as ginkgo-toothed beaked whales (M. ginkgodens). No pathological lesions that could be related to their deaths were observed. This is the first record of a stranded ginkgo-toothed beaked whale in Korea. The ginkgo-toothed beaked whale has not been previously considered to be an inhabitant of the seas near Korea [25] . This should be reconsidered based on the results of this study. One previous paper described a stranded ginkgo-toothed beaked whale in China in 1980 [21] . The identification was made only on the basis of body length and descriptions of the external features, due to the unavailability of genetic analysis at that time.
Variations in each part of the body, including total body length, that can occur within the same species were not considered in that paper. Additionally, an analysis of the skull, which is essential for morphological identification, was not conducted. Thus, the result of the identification cannot be considered to be reliable. Re-identification of this specimen using genetic analysis of bone specimens is required. If this specimen is determined not to be M. ginkgodens on reanalysis, the current specimens from Jeju Island are the first accurate records of M. ginkgodens not only in the Korean Sea, but also in the whole Yellow Sea. Further research will be required to obtain more information about whales of this genus, including their habitat, abundance, and ecological characteristics.
